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ABSTRACT 

Road accidents are one of the biggest problems in today’s world, and two-wheeler riders are more at risk. Many 

riders break basic traffic rules like riding without a helmet or carrying more than two persons (triple riding). 

These violations increase the chance of accidents and serious injuries. The existing surveillance systems can 

detect some violations, but they often make mistakes because of problems like blocked views, fake helmets, or 

limited features. They mostly focus only on helmet and triple riding detection, and they do not try to predict 

risky behavior or prevent accidents. In this project, we propose an ML-based surveillance system that can detect 

bike riders with no helmet and triple riding more accurately. Our system also introduces new features like 

occlusion handling, fake helmet identification, multi-violation detection, and behavior analytics with accident 

prediction. These features make the system more reliable and safety-focused. The goal of this project is not only 

to catch rule breakers but also to improve road safety and reduce accidents by using machine learning and 

computer vision. This makes our system an advanced step toward building smarter and safer cities. 
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INTRODUCTION 

Road safety is a very important issue in our daily life. Two-wheeler riders form a large part of road users, 

especially in countries like India. Unfortunately, many riders break traffic rules such as not wearing helmets and 

triple riding (carrying more than two people on a bike). These violations increase the chance of road accidents, 

head injuries and even deaths. To control this, many cities have started using AI cameras and machine learning 

models to watch roads and detect such violations. These systems can automatically identify bikes, check for 

helmets, count riders, and send challans (fines) to the offenders. However, current systems are not perfect. They 

face challenges like blocked riders (occlusion), fake helmets, poor performance in night or bad weather, and 

they usually detect only limited violation. Our project aims to build an improved ML-based surveillance system 

that can detect not only helmet and triple riding violations but also provide better accuracy and more features, It 

includes occlusion handling, fake helmet detection, multi violation detection. This system is designed to make 

roads safer by going beyond just punishing offenders. It focuses on prevention, safety, and smart traffic 

management. 

 

OBJECTIVES 

The main objective of the study is To design and develop an intelligent real-time surveillance system capable of 

detecting two-wheeler traffic violations such as helmetless riding and triple riding using deep learning 

techniques. To implement robust occlusion handling mechanisms that accurately identify riders even in partially 

blocked, overlapping, side-view, and rear-view conditions. To develop a fake helmet detection module capable 

of distinguishing between standard safety helmets and non-compliant or low-quality headgear using deep 

convolutional neural networks. To enhance detection accuracy and reduce false positives by integrating 

advanced object detection (YOLOv8) and classification models (ResNet18). To design a scalable and modular 

system architecture that supports future integration of additional traffic enforcement features such as license 

plate recognition and behavioral analytics. To build a reliable violation storage and reporting mechanism that 
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maintains image evidence, violation classification, and confidence scores for enforcement transparency. To 

contribute toward smart city initiatives by improving automated traffic monitoring, road safety enforcement, and 

accident prevention using AI-driven analytics. 

 

METHODOLOGY 

The proposed system follows a deep learning-based pipeline for real-time detection of helmetless riding, triple 

riding, fake helmet usage, and other traffic violations. 

Initially, real-time video streams are captured from CCTV/IP cameras. Video frames are extracted and 

preprocessed through resizing, normalization, and noise reduction to enhance detection accuracy under varying 

lighting and occlusion conditions. 

Object detection is performed using YOLOv8 Nano, which identifies motorcycles, riders, helmets, and related 

objects. Bounding boxes with confidence scores are generated for each detected entity. A rider-counting 

mechanism associates detected riders with their respective motorcycles to identify triple riding violations. 

Helmet verification is carried out in two stages. First, YOLOv8 detects helmet presence. Then, ResNet18 

classifies detected helmets as genuine or fake to eliminate false positives caused by caps or scarves. 

A multi-violation module integrates outputs from all detection components to simultaneously identify violations 

such as no helmet, triple riding, mobile phone usage, and rash driving. The system assigns confidence scores 

and stores violation evidence (images, timestamps, and classification results) in a database for enforcement and 

reporting. 

The system is implemented using Python, PyTorch, Ultralytics YOLOv8, OpenCV, and TorchVision, ensuring 

scalability and real-time performance for smart traffic surveillance applications. 
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RESULTS AND DISCUSSION 

The proposed system was tested on real-time CCTV video streams under varying traffic conditions, including 

side views, rear views, partial occlusion, and different lighting environments. The YOLOv8-based detection 

model successfully identified motorcycles, riders, and helmets with high precision and real-time inference 

capability. 

The rider-counting module accurately detected triple riding cases, even in partially overlapping conditions. The 

integration of ResNet18 significantly reduced false positives by correctly distinguishing genuine helmets from 

caps, scarves, and fake helmets. 

The multi-violation detection framework demonstrated the ability to identify simultaneous violations such as no 

helmet and triple riding within the same frame. Compared to traditional ML-based approaches, the proposed 

deep learning architecture showed improved robustness in low-light and occlusion scenarios. 

Overall, the system achieved reliable detection performance with reduced false alarms, demonstrating its 

suitability for intelligent traffic monitoring and smart city surveillance applications. 
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CONCLUSION 

This paper presented a machine learning-based surveillance system for detecting helmetless riding, triple riding, 

fake helmet usage, and multiple traffic violations in real time. By integrating YOLOv8 for object detection and 

ResNet18 for helmet classification, the system improves detection accuracy and reduces false positives under 

occlusion and varying lighting conditions. 

The proposed framework enhances automated traffic monitoring and contributes to improved road safety. Its 

modular and scalable design makes it suitable for smart city applications and future integration with advanced 

traffic enforcement systems. 
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